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The large specific effects produced by traces of different gases seem to 
indicate that (6) may be an important factor. 

4. The experiments cannot be held either to prove that the emission of 
electrons from hot carbon is an immediate consequence of chemical action 
between the carbon and the surrounding gases: or to invalidate those 
theories which regard this effect as a physical property of the hot solid. 



The Magnetic Properties of Iron when Shielded from the Earth's 

Magnetism. 

By Ernest "Wilson. 

(Communicated by Prof. J. A. Fleming, F.E.S. Eeceived January 10, — 

Eead February 26, 19U.) 

The primary object of the experiments described in this paper is to examine 
the magnetic properties of iron under small magnetic forces when shielded 
from the earth's magnetism. In a previous paper* experiments were described 
in which these magnetic properties were examined at low forces, and 
hysteresis loops obtained at maximum values of the magnetic induction as 
low as 0*937. The specimen, which was of the same material as used in 
the present experiments, was exposed to the influence of the earth's 
magnetism, and it is this infiuehce which has now been removed as far as 
possible. 

The specimen is of ring form and is built up to an axial length of 38*8 cm. 
of stampings of an alloy of iron known as " Stalloy/' containing 3 per 
cent, of silicon. The internal and external diameters of each stamping are 
7*6 and 12*75 cm. respectively, and the thickness varies from 0*34 to 0*14 cm. 
The secondary winding is next to the stampings and has 177 turns of copper 
wire 0*81 mm. diameter insulated by cotton impregnated with paraflfin. 
The primary or magnetising winding has 10 turns of copper strip 19 mm. 
wide and 0*13 mm. thick covered with insulating tape. 

The shield is built up to a length of 47 cm. of stampings of transformer 
iron 0*62 mm. thick. The internal and external diameters of each stamping 
are 30*5 and 40*6 cm. respectively. At each end are discs of soft iron 40*6 cm. 
diameter which together with two square end plates make up an overall 
length of 56 cm. The shield is firmly clamped by four bolts passing through 

^- *Roy. Soc. Proc.,' A, vol. 80, p. 548 (1908). 
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the end plates. For the insertion of the primary and secondary windings a 
few of the stampings nearest to the end discs have a small piece cut away 
so as to form a narrow opening into the shield. 

The specimen is supported symmetrically within the shield and their 
common axis is placed at right angles to the magnetic meridian. 

Throughout the experiments the ballistic galvanometer has been used. 
When it was desired to demagnetise the specimen, an alternator was used 
whose wave -form is a smooth curve having a maximum ordinate somewhat 
larger than that of an equivalent sine curve, and the current was gradually 
reduced by variation of resistance until it was of the order 4 x 10"^ ampere, 
the alternator being finally allowed to come to rest with its excitation left on. 

In Table I will be found, for the respective experiments which are numbered, 
the magnetic induction B and in some cases the permeability yu. corresponding 
to the given force H. In Table II will be found the figures obtained at the 
higher forces. In Table III will be found the results obtained from the 
hysteresis loops. 

Preliminary experiments were made when the specimen was inside the 
shield in the virgin state, that is to say, as received from the makers and 
in a demagnetised state, the maximum magnetic force impressed upon the 
specimen being 0*59 C.G.S. unit. At this stage it was discovered that the 
insulation of the secondary winding was defective, and this threw a criticism 
upon the experiments. It is necessary to mention this because the previous 
magnetic history of the specimen is important, and the results will be 
alluded to later. The specimen was re-wound, and the experiments made 
thereafter may be placed in the following order. 

Experiment 1 : Specimen out of shield and exposed to the influence of the 
earth's magnetism. Hysteresis loops obtained. 

Experiment 2 : Specimen in shield. Hysteresis loops obtained after careful 
demagnetisation from a force of 0*59. 

Experiments 3, 4, 5, 6 : Specimen in shield and showing how high permea- 
bility was produced. 

Experiments 6, 7, 8 : Specimen in shield and showing the effect on permea- 
bility of allowing it to rest in a highly magnetised state. 

Experiments 9, 10, 11, 12 : Specimen in shield and showing the effect of 
allowing it to rest in a less highly magnetised state. 

Experiments 13, 14, 15, 16, 17 : Specimen in shield and showing the effect 
of allowing it to rest in a demagnetised condition. 

Experiments 18,19,20: Specimen in shield. Hysteresis loops obtained 
after a moderate rest in demagnetised condition. 
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I. Permeability, 

Experiments 1, 2 : Before placing the specimen in the shield, Experiment 1 
was made after demagnetisation from a force 0*3 at 52 complete periods per 
second. For each of the forces mentioned in Table I a hysteresis loop was 
obtained, the details of which are given in Table III. When in the shield 
the specimen was demagnetised from a force of 0*59, and Experiment 2 
was made. Hysteresis loops were again obtained for the same forces as in 
Experiment 1. The permeability curves 1, 2, are plotted in fig. 1, and 
correspond to Experiments 1, 2, respectively. Eor comparison, the curve 
of permeability obtained in the previous paper {loc, cit.) is also plotted. 
This curve is somewhat higher than in Experiment 1, and in this connec- 
tion it should be noted that the demagnetisation had been made from a 
much higher force than 0*59. Near the origin it differs in shape from 
those obtained in Experiments 1, 2. 

Experiments 3, 4, 5, 6, on the productito of high permeability : Up to this 
point it should be noted that the highest force ever applied to the 
specimen has been 0*59, and, at the close of Experiment 2, the specimen 
was left magnetised as the result of a force 0*0935, and eight days elapsed 
before further experiments were made. At the end of this time a 
magnetising force of 0*8, due to a continuous current, was applied, reversed 
a few times, and removed. Such a force as 0*8 applied to a demagnetised 
specimen has, in ordinary magnetic testing, a degrading or polarising effect, 
that is, the magnetic induction corresponding to a given smaller force is then 
lower than it would have been had the iron been in a demagnetised state 
originally.^ In the shield, however, the reverse is the case, the specimen 
having been previously exposed to the earth's magnetism, and not sub- 
jected to so high a force as 0*8. A comparison of the figures obtained in 
Experiments 2 and 3, Table I, shows the increase in the permeability at the 
low forces. A comparison of curves 2, 5, in fig. 1 shows in the early stages 
how great is the increase in permeability caused by carefully demagnetising 
the polarised specimen. 

Experiment 6 was next made to investigate the effect on permeability at 
higher forces than those given in Table I. It is practically a continua- 
tion of Experiment 5 and the figures are given in Table II. In fig. 2 the 
curve 6 shows the result obtained, and, for the purpose of comparison, 
the values of the permeability obtained in the earlier paper {loc. cit.), A 
maximum permeability of 5750 corresponding to a magnetic induction of 
5500 is indicated, whereas the old experiments on the unshielded but 
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carefully demagnetised specimen show a maximum of 4600 for a magnetic 
induction of 5000. In the case of a specimen of almost pure iron a perme- 
ability of 5480, corresponding to a magnetic induction of 9100, was obtained,* 
and this is a high value. 

Experiments 6, 7, 8, deal with the effect of resting the specimen when in 
a magnetised condition. Experiment 7 was made immediately after Experi- 
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ment 6 was completed, that is without demagnetising the specimen, and in 
Experiment 6 the force was taken up to 1*8. The result shows how greatly 
the permeability is affected in the earlier stages by the application of this 
previous force of 1'8. The specimen was again polarised by a force of 1*8 
and left in this condition for about 18 hours. Experiment 8 was then made 

^ ' Koy. Soc. Proc.,' vol. 62, p. 369. 
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and continued to the higher forces as before, and the figures are given in 
Table II. Curve 8, fig. 1, shows how greatly the permeability is reduced in 
the early stages, and Curve 8, fig. 2, shows the later stages. It will 
be seen that for a magnetic induction of 5500 a permeability of 5900 is 
obtained, and this is even greater than that shov/n by Experiment 6. 
Curves 6, 8, cross one another at an induction of about 3500, and coincide 
when the induction is about 10,000. The similarity of Curve 8 in fig. 1 
with that taken from the earlier paper is interesting. In the one case we 
have the specimen carefully demagnetised and exposed to the earth's 
magnetism, in the other the specimen is polarised and shielded. It is worthy 
of note that when in the polarised condition of Experiments 7, 8, careful 



6,000 



5,ooo 




I, GOO 







1,000 2,000 



3,000 4,000 5,000 

Fig. 2. 



6,000 %000 8pOO 9,000 I0,00O 



demagnetisation is required to restore maximum permeability at the lower 
forces. 

Experiments 9, 10, 11, 12, show the effect of two periods of rest when the 
specimen is left polarised by the application of a force of 0*0935. It will 
be seen that when left the specimen tends to degrade itself or to experience 
a fall of permeability in the earlier stages, but it gets into a fairly stable 
state after a long enough interval. This will be apparent if Experiment 12 
be compared with Experiment 16 of the next section. 

Experiments 13, 14, 15, 16, 17, show the effect of resting in a carefully 
demagnetised condition for periods of 3, 18J, 48 hours and 13 days respec- 
tively. The same (degrading) process is at work in the earlier stages, but 
after 48 hours' rest the specimen is more stable. The continuation of 
Experiment 17 is given in Table II. The points when plotted in fig. 2 
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Table II. — Permeability. 



Expe 


riment 6 continued. 


Experiment 8 continued. 


Expei 


•iment 17 continued, 


Maximum 


Maximum 


Permeability, 


Maximum 


Maximum 


Permeability, 


Maximum 


Maximum 


Permeability, 


H. 


B. 

110 


fX. 


H. 


B. 


M- 


H. 


B. 


fi. 


-0996 


1100 


0-100 


62-2 


619 


0-118 


126 


1070 


0-138 


172 


1250 


0-140 


98-9 


706 


0-219 


324 


1480 


0-206 


311 


1510 


0-208 


172 


827 


0-292 


637 


1840 


0-279 


521 


1870 


0-281 


284 


1010 


0-436 


1310 


3010 


0-329 


767 


2330 


— 






0-683 


2600 


4460 


0-411 


1190 


2900 


0-411 


848 


2060 


0-829 


4730 


5710 


0-465 


1600 


3450 


0-468 


1286 


2750 


1-13 


6430 


5690 


0-584 


2660 


4560 


0-588 


2560 


4350 


1-47 


7730 


5260 


0-780 


4310 


5530 


0-782 


4410 


5640 


1-74 


8510 


4890 


1-03 


5900 


5730 


1-03 


6030 


5850 








1-32 


7220 


5470 


1-31 


7210 


5510 








1-52 


7830 


5150 


1-52 


7910 


5200 








1-81 


8680 


4790 


1-80 


8660 


4810 









Table III. — Hysteresis. 



No. of 

Experi. 

ment. 



18 and 
19 



20 



Maximum 
H. 



-000499 
-000849 
-00168 
-00420 
-00843 
-0179 
-0496 
-0935 

-00168 
-00420 
-00843 
-0179 
-0496 
-0935 

-00168 
-00420 
-00843 
-0179 
-0496 
-0935 

0-191 
0-418 
-783 
1-62 



Maximum 
B. 







1 

2 

4 

17 

41 


1 
2 
6 
19 
45 


1 
3 
8 
36 
88 

237 
1016 
4340 
8210 



117 

204 

412 

04 

15 

9 

2 

2 

462 
18 
44 
65 

6 

7 

68 

72 

59 

92 

4 

3 








Ergs per 
cycle per 

cubic 
centimetre. 



Sfceinmetz 
index. 



-0000190 
'0000723 
-000801 
-0155 
-0974 



-0000175 
-0000569* 
-000861 
-0181 
0-102 

-0000310 
-0000306 
-000279 
-00291 
-0583 
0-306 



2-1 

39-5 

449-0 

1300 -0 



2 01 
1-68 
1-67 



Steinmetz 

constant, 

a. 



1-84 


-0000177 


2-92 


-00000774 


2-36 


-0000188 


2-10 


-0000396 


1-62 


-0000134 


3-30 


-0000030 


2-41 


-0000139 


2-04 


-0000419 


2-47 


-00000803 


3-00 


-00000602 


2-58 


0-0000103 


2-13 


-0000273 


1-87 


-0000702 



Perme- 
ability, 



235 

240 
246 
248 
255 
274 
347 
441 

275 
281 
289 
310 
395 
489 

405 
410 
426 
498 
734 
944 

1240 
2430 
5540 
5070 



Coercive 

force, 

Ho- 



-000062 
-00018 
-00071 
-00417 
0-01 



-000047 

-00060 
-0040 
0-010 

-000016 
-000058 
-00031 
0-0014 
-0063 
-0138 

0-037 
0-170 
0-393 
-631 



Eesidual 

magnetic 

induction, 

Bft. 



0-018 

0-038 

0-18 

1-47 

4-66 



0-016 

0-18 
1-47 
4-45 

0-0068 
0-028 
0-13 
0-65 
4-9 
14-0 

47-4 

454-0 

3160 -0 

6130 -0 



* It is probable that this value for the ergs is slightly too small. For some reason the curve is not so 
satisfactory as it should be, but it could not be repeated. 
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practically coincide with those of Curve 6. The rest of 13 days has pro- 
duced the most noticeable effect at the lower forces, 

[Note added Fehruary 26, 1914. — A rest of six weeks in a demagnetised 
condition shows no further diminution in permeability than does the rest 
of 13 days.] 

II. Hysteresis. 

In the previous paper (/oc. cit.) when the stalloy specimen was exposed to 
the earth's magnetism, it appeared that the Steinmetz index increased from 
its ordinary value of 1''7 to 2*69, when the magnetic induction reached the 
value of 0'94. The present experiments show that after demagnetisation in 
or out of the shield the value of the index rises to a maximum in the 
neighbourhood of a magnetic induction of 3 and then diminishes. The 
preliminary experiments made when the specimen was in the virgin state 
bear out the same remark. The shape of the loops is well worthy of study. 
The loops in fig. 3 are selected from those taken in Experiments 18 and 19, 
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Fig. 3. 

and it will be seen that as the induction is reduced the shape is altered. The 
character of loop 1, for instance, when the maximum induction is 88*3, is 
more like that of the loop with which one is familiar in ordinary testing, 
but it has sides which for a short distance are practically parallel straight 
lines. This is the beginning of a pronounced alteration in shape. Loop 2, 
fig. 3, shows this carried to a further stage. Loop 3 is remarkable in that 
its sides are practically two parallel straight lines, and the index has nearly 
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passed its maximum value. Eeference should be made to an interesting 
paper on this subject by Dr. W. M. Thornton.* The Steinmetz equation 
is that the ergs per cycle per cubic centimetre are equal to aW, where 
a and )S are constants and B is the magnetic induction. The values of 
a and /3 are given in Table III. As to what would be the values of the 
index y8 if the experiments could be carried further cannot be said at present. 

It should be mentioned that the coercive force has been taken from the 
point where the mean curve cuts the axis of H. It is well known that at 
this point on the curve the magnetic instability is such that tapping the 
specimen causes a change in the magnetic induction. When the force is 
varied from a positive or negative maximum to zero this instability in some 
cases asserts itself and would, if a mean curve were not drawn, indicate a 
somewhat smaller coercive force. 

A few loops have been obtained as a continuation of Experiments 18 and 19 
at the higher forces when the specimen was in a demagnetised condition and 
after a rest in that condition of one and a half days. The particulars are 
given in Table III, Experiment 20. By comparing them with the figures 
obtained in the earlier paper it will be seen, for instance, that for a 
magnetic induction of 8200, the ergs per cycle per cubic centimetre are less 
when in the shield in the ratio 1300/1688, and the permeability is greater in 
the ratio 5070/3850. The coercive force Ho and the residual magnetic 
induction Bo are less. 

The experiments throw light upon the early stages of the ordinary curve, 
which shows the relation between the coercive force and the intensity of 
magnetisation; it resembles the curve connecting the fimctions H and B of 
magnetic materials. 

Conclusion, 

The experiments show that the earth's magnetism may seriously affect the 
magnetisability of iron. Comparing the results obtained in these experi- 
ments when stalloy (in ring form) is magnetised and then carefully demag- 
netised whilst shielded from the earth's magnetism, with the results of 
similar experiments made on the same material in a carefully demagnetised 
condition but exposed to the earth's magnetism, the ratio of the permeabilities 
has a maximum of 1*79 when the magnetic induction has a value 172, and 
the ratio of the maximum permeabilities is 1'24. A maximum permeability 
of 5900 was obtained when the specimen was shielded and magnetised by 
a previous force of 1*8 C.G.S. units, and this is 1*28 times the maximum 
permeability obtained from the demagnetised and exposed specimen. The 

* VThe Electrician,' May 16, 1913, p. 214. 
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dissipation of energy by magnetic hysteresis for a given magnetic induction 
is less when the stalloy is in the shield and demagnetised than when it is 
first demagnetised and then exposed to the earth's magnetism. The 
Steinmetz index, after rising to a maximum of about 3 for a force of 
about 0*008 C.Gr.S. unit, begins to diminish as the force is reduced, and at 
about this point the hysteresis loops begin to experience a change in shape, 
becoming practically straight parallel lines. 

\Note added March 10, 1914. — As was mentioned during the reading of 
the paper, the high permeability has persisted since the specimen was 
taken out of the shield on February 17, 1914. Experiments which are just 
completed show that it still exists.] 

The above experiments were made in the Sir William Siemens Electrical 
Engineering Laboratory, University of London, King's College. I wish to 
acknowledge the assistance I have received from Mr. E. H. Smith and 
Mr. E. C. Burt. Mr. A. D. Keigwin very kindly re-wound the specimen 
for me, and Prof. Huntington very kindly lent me the shield. I have 
also to thank Messrs. Sankey and Sons, of Bilston, for presenting me with 
the stampings for the purpose of research. 



